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The Relationship Between
Whole Blood Viscosity and
Deep Vein Thrombosis

Tam Kan Viskositesi ile
Derin Ven Trombozu Arasindaki Iligki

ABSTRACT Objective: This study aimed to investigate the potential relationship between whole
blood viscosity (WBV) and deep vein thrombosis. Material and Methods: In this study, 50 pa-
tients who applied to the cardiovascular surgery and cardiology policlinic and were diagnosed
with deep vein thrombosis between January 2016 and January 2018 and additionally 44 healthy
people were included in the study as a control group. The estimation of WBV was carried out
at both high shear rate (HSR) (208/s) and low shear rate (LSR) (0.5/s) by previously validated for-
mulate using hematocrit (HcT) and total protein (TP) in g/L. WBV at HSR (208/s) is: (0.12 x
HcT) + 0.17 (TP-2.07) and WBYV at LSR (0.5/s) is: (1.89 x HcT) + 3.76 (TP-78.42). The whole
blood viscosity of deep vein thrombosis patients and of control group were compared at both
HSR and LSR. Results: Age and gender distribution of the patients included in the study were
similar. Hemoglobin, platelet count, and total protein were substantially higher in the group
with deep vein thrombosis (p=0.04, p=0.002, p=0.022, respectively). Likewise, WBV of patients
with deep vein thrombosis was substantially higher than the control group, at both low-shear
rate and high-shear rate (P=0.023 for LSR and p=0.031 for HSR). A multivariate analysis showed
that the whole blood viscosity for both shear rates were independent from the risk factors of
deep vein thrombosis (WBV at LSR, OR=5.00; 95% CI, 2.037-12.269; P<0.001 and WBV at HSR,
OR=1.068; 95% CI, 1.028-1.110; P=0.001). Conclusion: In conclusion, whole blood viscosity is
found out to be an important and independent risk factor in patients with deep vein thrombo-
sis.

Keywords: Blood viscosity; venous thrombosis

OZET Amag: Bu caligmanin amaci, tam kan viskozitesi (TKV) ve derin ven trombozu arasindaki
olas: iligkiyi aragtirmakti. Gereg ve Yontemler: Bu ¢alisgmada, Ocak 2016 ile Ocak 2018 arasinda
kardiyovaskiiler cerrahi ve kardiyoloji poliklinigine bagvuran ve derin ven trombozu tanis: alan 50
hasta ile kontrol grubu olarak 44 saglikli kisi ¢calismaya dahil edildi. TKV, hematokrit (HcT) ve
toplam protein (TP) kullanilarak 6nceden dogrulugu kanitlanmig formiiller ile hem yiiksek siir-
tinme hizinda (YSH) (208/s) hem de diisiik stirtiinme hizinda (DSH) (0.5/s) hesaplandi. YSH'de
(208/s) WBV: (0.12 x HcT) + 0.17 (TP-2.07) ve DSH'de (0.5/s) WBV: (1.89 x HcT) + 3.76 (TP -
78.42). Tam kan viskozitesi, hem YSH hem de DSH'de derin ven trombozu hastalar ile kontrol
grubu arasinda kargilagtirildi. Bulgular: Calismaya dahil edilen hastalar benzer yas ve cinsiyet
dagilimina sahipti. Derin ven trombozu olan grupta hemoglobin, trombosit sayis1 ve total pro-
tein anlaml olarak yiiksek bulundu (sirasiyla p=0.04, p=0.002, p=0.022). Derin ven trombozu
olan hastalarin tam kan viskoziteleri kontrol grubuna gére hem diisiik stirtiinme hizinda hem de
yiiksek siirtinme hizinda anlamli derecede yiiksek bulundu (DSH i¢in P=0.023 ve YSH i¢in
p=0.031). Cok degiskenli analizde, her iki siirtiinme hizi i¢in tam kan viskozitesinin, derin ven
trombozunun risk faktérlerinden bagimsiz oldugunu gésterilmistir (DSH, TKV=0R=5.241; %95
GA, 2.138-12.847; YSH'de P<0.001 ve TKV, OR=1.063; %95 GA, 1.063-1.102; P=0.001). Sonug:
Sonug olarak, derin ven trombozu olan hastalarda tam kan viskozitesi anlamli ve bagimsiz bir
risk faktoridiir.

Anahtar Kelimeler: Kan viskozitesi; vendz tromboz
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eep vein thrombosis (DVT) is defined as

the presence of thrombosis in deep veins

and often occurs in lower extremities. It is
significantly a cause of mortality and morbidity in
the long term due to post-thrombolytic events.!

The main factors for venous thrombosis are
endothelial damage, changes in blood flow and hy-
percoagulability.? This is caused by changes in
blood flow, blood viscosity, especially hyperviscos-
ity, in addition, increased shear stress in hypervis-
cosity causes endothelial damage and thrombosis.
This increase in blood viscosity is closely related to
cardiovascular diseases.*®

Blood viscosity measurement is difficult be-
cause there is no standard method and it needs spe-
cial equipment such as a viscosimeter. However, it
is possible to calculate whole blood viscosity
(WBYV) with a validated equation from hematocrit
(HCT) and total plasma protein levels (TP) for low
and high shear rate; obtaining an estimated value

about WBV with this simple formula can provide
clinicians a new tool for patient bedside evalua-
tions.’

In this context, it was aimed to investigate the
possible relationship between WBV and deep vein
thrombosis.

I MATERIAL AND METHODS

Patients who applied to cardiology and cardiovas-
cular surgery outpatient clinics of Kahramanmaras
Siitcii Imam University, with complaints of foot
pain and/or foot swelling between 2016 and 2018,
were retrospectively screened. 116 of the 350 pa-
tients were diagnosed with DVT and 50 of them
were analyzed because they had inclusion criteria
for the study (Figure 1). The control group was
consisted of 44 healthy subjects with foot pain and
foot swelling complaints who had no deep vein
thrombosis and no any acute or chronic disease.
Both groups included patients of similar age and

350 patients with suspected deep vein trombosis
January 2016-January 2018

Excluded 234
patients
without acute deep

A

116 patients with confirmed deep
vein trombosis admitted to
hospital

Excluded 66 patients:
* Previously diagnosed malignancies

* Previously diagnosed chronic

hepatic disease

* Previously diagnosed chronic kidney disease
* Age >75

v

Included 50 patients with
confirmed deep vein trombosis
and complete data

v

* Previously diagnosed chronic heart failure
* Previously diagnosed stroke

* Previously diagnosed hematologic diseases
such as policytemia vera, essential
thrombocytosis

FIGURE 1: Flow chart shows the patient selection process.
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gender. Physical examination findings, visualiza-
tion of the material by ultrasonographic examina-
tion and treatment requirements were searched for
the diagnosis of deep vein thrombosis. Patients
with chronic renal failure, severe hepatic insuffi-
ciency, chronic deep vein thrombosis, hematolog-
ical disorders, severe heart failure, lymphatic or
venous system mediated chronic stasis, a known
malignity or patients over 75 years old, bedbound
due to stroke were excluded from the study. The
clinical and demographic characteristics, the find-
ings of physical examination, laboratory values,
WBYV values of all patients were obtained from the
patient registration system and recorded, then,
they were compared to the healthy group.

The estimation of WBV was executed in both
high shear rate (HSR= 208/s) and low shear rate
(LSR= 0.5/s) through previously validated formu-
las that utilize hematocrit and total plasma protein
concentration.

For HSR, the WBV (208/s) formula is as fol-
lows: (0.12 x HcT) + 0.17 (TP-2.07) and for LSR,
WBYV (0.5/s) is: (1.89 x HcT) + 3.76 (TP-78.42),
where HcT is hematocrit in %, TP is total protein
concentration in g/L, and WBYV is whole blood vis-
cosity in centipoise (cP).81°

STATISTICAL ANALYSIS

Data collected for the study was analyzed through
SPSS program version 17 (SPSS Inc., Chicago, IL),
and a two-sided p-value <0.05 was found out to be
statistically significant. Continuous data were ex-
pressed as mean + standard deviation or median
(min-max), and categorical data as percentages.
Means were compared through an independent
sample t-test, and as no normal distribution was
found out, the Mann-Whitney U test with median
was used. Chi-square test was used to evaluate cat-
egorical data. The Spearman correlation test was
used for correlation evaluation. In order to identify
the optimal cutoff point of HSR and LSR for the
prediction of DVT, a receiver operator characteris-
tic (ROC) curve analysis was performed MedCalc
(v12.7.8) was used to perform ROC curve analysis.
In the prediction of DVT, the area under the curve
(AUC) with 95% confidence interval (CI) was cal-

culated. The optimal cutoff value of HSR and LSR
were determined as the value conjoined with the
highest sum of sensitivity and specificity-1. In
order to quantify the association of variables with
DVT, univariate analysis was used. It was found out
that the variables were statistically significant in
the univariate analysis and in order to determine
the independent factors of DVT, other potential
confounders were used in the multivariate logistic
regression model with the forward stepwise
method.

I RESULTS

The average age of the patients included in the study
was 45+12 years and the age and gender distribution
in the control group were similar in the group with
deep vein thrombosis. As Table 1 summarizes, the
differences in hemoglobin values, platelet counts,
total protein, albumin, ALT, and AST values were sta-
tistically significant between the groups. In addition,
both the WBV at LSR and HSR were significantly
higher in the group with deep vein thrombosis. (17.2
(14.6-19.4) vs. 16.5 (13.1-19.2), p=0.023); 61.3 (10.0-
108.2 vs. 47.0 (-29.5-98.9) p=0,031, respectively). In
our study, WBV at LSR and WBYV at HSR were pos-
itively correlated with CRP, total protein, hemoglo-
bin, and hematocrit (Tables 2, 3).

The optimal cutoff level of WBV at LSR levels
in the prediction of DVT was >17.18, with a speci-
ficity of 70.5% and sensitivity of 54.0% (AUC=
0.636; 95% CI, 0.530-0.733; P=0.018) (Figure 2).
Additionally, the optimal cutoff level of WBV at
HSR levels in the prediction of DVT was >56.9.18,
with a specificity of 62% and sensitivity of 59.1%
(AUC=0.630; 95% CI, 0.524-0.727; P=0.025 (Figure
3).

Two different models were composed to eval-
uate the predictiveness of WBV parameters for
each shear rate (Table 4) in the multivariate analy-
sis. In model-1, WBV at LSR levels (OR=5.00;
95% CI, 2.037-12.269; P<0.001), hemoglobin
(OR=8.732;95% CI, 2.816- 27.077; P<0.001), num-
ber of platelets (OR=1.018; 95% CI, 1.005- 1.031;
P=0.005) and albumin (OR=0.122; 95% CI, 0.025-
0.605; P=0.010) were conjoined with an increased
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TABLE 1: Baseline characteristics of study patients.
All Patients (n:94) Deep Vein Thrombosis (n:50) Control Group (n:44) p
Age (years) 45+12 45+14 44210 0.835
Male/female 43/51 26/24 17/27 0.197
Hemoglobin (g/dl) 13.4 (9.8-18.2) 13.8 (9.8-18.2) 12.8 (11-14.3) 0.04
Platelets counts (10%) 305+74 328184 280+50 0.002
Hematocrit (%) 42.2 (32-51.8) 42.2 (32-51.8) 42.2 (32-51.7) 0.994
Total protein (g/dl) 7.1(4.9-8.4) 7.3(6.2-8.4) 6.9 (4.9-8.1) 0.022
Albumin (g/dl) 4.1 (2.8-5.1) 4(2.8-5.1) 4.2 (3.2-5.1) 0.034
BUN (mg/dl) 15 (6-51) 16 (6-51) 13 (6-26) 0.392
Creatinine {mg/dl) 0.7+0.1 0.7+0.2 0.720.1 0.309
Sodium (mmol/l) 140+3 140+4 14043 0.320
Potassium (mmol/L) 42404 4.2+04 4.2+0.3 0.445
Chlorine (mmol/L) 104 (95-123) 103 (95-112) 105 (98-123) 0.169
ALT (UM 25 (8-67) 27 (9-67) 21 (8-40) 0.050
AST (Ull) 2510 2812 22+7 0.016
Fasting glucose ( mg/dL) 107 (71-270) 110 (73-266) 102 (71-270) 0.074
CRP (mg/dl) 13.6 (2-94) 15 (3-94) 11 (2-38) 0.844
WBV atLSR 16.8 (13.1-19.4) 17.2 (14.6-19.4) 16.5 (13.1-19.2) 0.023
WBV at HSR 54.6 (-29.5-108.2) 61.3(10.0-108.2) 47.0 (-29.5-98.9) 0.031

BUN: Blood urea nitrogen; ALT: Alanine aminotransferase; AST: Aspartat aminotransferaz; CRP: C-reactive protein; WBV: Whole blood viscosity; LSR: Low shear rate; HSR: High shear rate.

risk of DVT, after adjusting for the variables were
statistically significant in the univariate analysis
and for the variables correlated with the WBV at
LSR level.

In the model-2, WBV at HSR levels (OR=
1.068; 95% CI, 1.028-1.110; P=0.001), hemoglobin
(OR=7.357;95% ClI, 2.573- 21.037; P <0.001), num-
ber of platelets (OR=1.017; 95% CI, 1.005-1.028;
P=0.005) and albumin (OR=0.155; 95% CI, 0.024-
0.552; P=0.007) were also conjoined with an in-
creased risk of DVT, after adjusting for the
variables found to be statistically significant in the

univariate analysis and for the variables correlated
with the WBV at HSR level (Table 5).

I DISCUSSION

This is the first study to show that WBV both at
LSR and HSR in patients with deep vein thrombo-
sis are higher than those in the control group, at
the same time, that WBV both at LSR and HSR are
independent predictors of deep vein thrombosis.

The three factors described by Virchow are
necessary for the initiation of the thrombosis

TABLE 2: Spearman correlation coefficients for
WBV at LSR levels.
WBV at LSR P value
CRP {mg/dI) -0.245 0.018
Hemoglobin (g/dL) 0.417 <0.001
Hematocrit {%) 0.467 <0.001
Total protein (g/dl) 0.879 <0.001

CRP: C-reactive protein.

TABLE 3: Spearman correlation coefficients for
WBV at HSR levels.

WBYV at HSR P value
CRP (mg/dl) -0.237 0.021
Hemoglobin (g/dL) 0.366 <0.001
Hematocrit (%) 0.378 <0.001
Total protein (gr/dl) 0.950 <0.001

CRP: C-reactive protein.

process. These include endothelial damage, im-
paired blood flow, and increased blood clotting
tendency. Blood flow impairment is closely re-
lated to blood viscosity, and increased blood vis-
cosity leads to thrombosis susceptibility. Blood
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FIGURE 2: ROC curve analysis for WBV at LSR. FIGURE 3: ROC curve analysis for WBV at HSR.

TABLE 4: Univariate and multivariate analyses for predicting DVT (Model 1).
Univariate Multivariate

Variable p OR (95% Cl) p OR (95% Cl)
Statistically significant variables
WBV-LSR <0.010 1.622 1.123-2.344 <0.001 5241 2.138-12.847
Hemoglobine 0.003 1.707 1.198-2.432 <0.001 9.644  3.104-29.962
Platelets counts 0.003 1.010 1.003-1.017 0.003 1.017  1.006- 1.029
Albumin 0.030 0.380 0.159-0.910 0.008 0.122  0.026-0.579
ALT 0.022 1.053 1.008-1.100
AST 0.021 1.060 1.009-1.114
Variables which correlated with WBV-LSR
CRP 0.122 1.029 0.993-1.066
Hematocrit 0.988 1.001 0.912-1.098 <0.001 0.508  0.361-0.716

All the variables from Table 1 were examined and only those significant at p<0.05 level and correlated with WBV-LSR are shown in univarite analysis. Multivariate logistic regression
analysis including all the variables in univariate analysis with enter method. Bun: Blood urea nitrogen; ALT: Alanine aminotransferase; AST: Aspartat aminotransferaz; CRP: C-reac-
tive protein; WBV: Whole blood viscosity; LSR: Low shear rate; HSR: High shear rate; CI: Confidence interval; OR: Hazard ratio.

TABLE 5: Univariate and multivariate analyses for predicting DVT (Model 2).
Univariate Multivariate

Variable p OR (95% Cl) p OR (95% Cl)
Statistically significant variables
WBV-HSR <0.010 1.622 1.123-2.344 0.001 1.063  1.026-1.102
Hemoglobin 0.003 1.707 1.198-2.432 <0.001 6.601 2.336- 16.530
PLT 0.003 1.010 1.003-1.017 0.004 1.016  1.005-1.026
Albumin 0.030 0.380 0.159-0.910 0.003 0.097  0.021-0.445
ALT 0.022 1.053 1.008-1.100
AST 0.021 1.060 1.009-1.114
Variables which correlated with WBV-HSR
CRP 0.122 1.029 0.993-1.066
Hematocrit 0.988 1.001 0.912-1.098 <0.001 0.573  0.432-0.759

All the variables from Table 1 were examined and only those significant at p<0.05 level and correlated with WBV-LSR are shown in univarite analysis. Multivariate logistic regression
analysis including all the variables in univariate analysis with enter method. Bun: Blood urea nitrogen; ALT: Alanine aminotransferase; AST: Aspartat aminotransferaz; CRP: C-reac-
tive protein; WBV: Whole blood viscosity; LSR: Low shear rate; HSR: High shear rate; CI: Confidence interval; OR: Hazard ratio.

10
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viscosity is increased by low blood flow and ery-
throcyte aggregation. Increased blood viscosity
becomes effective by ensuring that thrombocyte
aggregates are blocked in small vessels.!' Blood
viscosity was investigated both in arterial throm-
bus formation and venous embolism formation.
Giindogan et al., found that patients who suffered
from acute myocardial infarction had significantly
higher blood viscosity than the control group.'?
Studies in patients with retinal vein thrombosis
also revealed that blood viscosity correlates with
retinal venous thrombosis.!*!* In the present
study, as expected, increased viscosities had close
relationship with deep vein thrombosis, similar to
other studies in the literature. However, in our
study, the viscosity was calculated not by the vis-
cometer but by the hematocrit and total protein
values. This may be a restriction, but plasma vis-
cosity is known to show a positive correlation
with hematocrit, red blood cell, plasma proteins,
CRP, cholesterol, triglycerides, uric acid, von
Willebrand factor.'>'” In the present study, WBV
both at LSR and HSR was found to be correlated
with hematocrit, total protein, and CRP, in ac-
cordance with the literature. This makes it possi-
ble to consider that the obtained values can be
trusted.

Increased plasma viscosities are closely asso-
ciated with shear stress. Duyguluel et al., found
that serum viscosities in aorta were an independ-
ent predictor, which was explained by increased
shear stress.” Similarly, Cetin et al. found that
serum viscosity was an independent predictor in
predicting mitral annular calcification.'® Increased
shear stress creates endothelial damage and in-
flammation. Endothelial damage is one of the pre-
requisites for thrombosis. From here, the increase
in viscosity can indirectly cause endothelial dam-
age and increase the tendency to thrombosis. In
the present study, the correlation between CRP
and viscosity and the increase of viscosity in pa-
tients with deep vein thrombosis support the fact
that the increased viscosity can lead to the en-
dothelial damage.

11

Another factor for thrombosis is platelet
count. The increase in platelet counts will cause an
increase in serum viscosities and will result in
thrombus formation. In the present study, the
platelet count in patients with deep vein thrombo-
sis was found out to be higher than in control
group, and platelet count was an independent pre-
dictor for deep vein thrombosis. Similarly, hemo-
globin levels were higher in patients with deep
vein thrombosis than in control group, and hemo-
globin was an independent predictor of deep vein
thrombosis. This finding suggested that increased
hemoglobin contributes to deep vein thrombosis
by increasing blood viscosity.

In conclusion, WBV was demonstrated as a
neglected and underestimated predictor of deep
vein thrombosis. The increase in viscosity increases
the tendency to thrombosis by causing endothelial
damage as a result of both the deterioration of
blood flow and shear stress. Blood viscosity could
play an important role in the management of the
diseases as well as predicting them if it could be
proven by clinical studies.
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